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It has been suggested by Overhauser' t h a t  t h e  a l k a l i  metals might possess 

sp in  density wave ground states. A poss ib le  experimental test of t h i s  hypothesis 

is the  determination of t he  absorption edge f o r  Doppler s h i f t e d  cyclotron re- 

~ o n a n c e ~ ' ~  of acous t ic  waves i n  an applied magnetic f i e l d  B. Doppler sh i f t ed  
+ 

zF cyclotron resonance is  poss ib le  when t h e  condition 
u=t 
a m  + -3-9  

(1) m n t  I-nlwc5 Is=v,ltw 

a0 
a i s  s a t i s f i e d  f o r  n = 1, 2, ..*, where w and w 
\ C 

are the  acous t ic  and cyclotron 
+ + 

frequencies respec t ive ly ;  q i s  t h e  wave vector of the  sound wave and vM the  

maximum e lec t ron  ve loc i ty  p a r a l l e l  t o  the dc magnetic f i e l d .  

1 density wave i s  or ien ted  p a r a l l e l  t o  the  dc f i e l d  as proposed by Overhauser , 
t he  value of vM i n  potassiuq is about 17% smaller f o r  SDW state than vF, its 

I f  t he  sp in  

value f o r  t h e  f r e e  e l ec t ron  model. 

edge, one can determine the  value of v 

Thus by studying the  pos i t ion  of t he  absorption 

and test Overhauser's conjecture. M 
+ 

For t ransverse  acous t ic  waves propagating p a r a l l e l  t o  B,  t he re  is  a se leu t ion  

r u l e  t h a t  requi res  n = 1 i n  Eq. (1) while f o r  longi tudina l  waves n must be zero 

i n  t h i s  s i t u a t i o n ,  

the  d i r ec t ion  of B, t h i s  s e l ec t ion  r u l e  is  broken. 

As one v a r i e s  t h e  d i r ec t ion  of propagation with respect t o  
3 

x 

There are some experimental 

d i f f i c u l t i e s  i n  studying the  propagation of shear  waves (e.g. ro t a t ion  of t he  

plane of po lar iza t ion) ,  so we have investigated the  attenuation of - 
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waves propagating at oblique angles t o  the  dc f i e l d ,  For propagation p a r a l l e l  

t o  the magnetic f i e l d  w e  expect the  at tenuat ion t o . b e  independent of f i e l d ,  while 

f o r  propagation normal t o  B we should observe the  standard geometric resonances. 
-+ 

m e d i a t e  angles w e  expect t o  see combinations of magneto-acoustic rea- 
4 onances and absorption edges due t o  Doppler s h i f t e d  cyclotron resonance . 

The experiments were performed on s ing le  c r y s t a l s  of potassium5 a t  l i q u i d  

helium temperature f o r  acous t ic  frequencies ranging from 20 t o  140 Mc/sec. 

The reej is t ivi ty  r a t i o s  of the  samples were of t he  order of 7000 a t  4.2*K, and 

they increased s l i g h t l y  by pumping on the helium, In  f igures  1 and 2 some of 

the  experimental r e s u l t s  are given and compared with theo re t i ca l  estimates. 

Figure 1 is a p l o t  of a t tenuat ion vs. the angle between q and B f o r  a magnetic 

f i e l d  corresponding t o  ( w  /qv ) = 0.4. Figure 2 i s  a graph of a t tenuat ion VS. c F  
magnetic f i e l d  a t  an angle of 70 degrees, 

-+ -+ 

The theo re t i ca l  curves displayed i n  these f igures  were computed from the  

6 conductivity tensor  and at tenuat ion given by Cohen, Harrison and Harrison 

The value of the  parameter 41, where 1 is the  e lec t ron  mean f r e e  path, was 

determined by f i t t i n g  the  theo re t i ca l  and experimental curves of Figure 1 at 

angles of 90 and 75 degrees, 

obtained i n  t h i s  way w a s  about 36% smaller than the  value obtained from determin- 

It should be pointed out t h a t  t he  value of qf 

ing the  frequency a t  which the  r a t i o  of zero f i e l d  t o  the  high f i e l d  a t tenuat ion 

,at 90 degrees equals uni ty ,  This discrepancy and the  difference i n  the  de t a i l ed  

shape of t he  curves near  90 degrees remain t o  be explained; however, the  pos i t ioq  

of the minimum and general  shape of the curves near  t he  absorption edge are 

insens i t i ve  t o  the  value of qf.  

(i.e. the  dramatic increase i n  a t tenuat ion at  about 70 degrees) t o  be sh i f t ed  

For a SDW model we expect the  absorption edge 

Y 
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t o  rower angle by about 5 degrees. 

determined from Figure 1 t o  compare the  magnetic f i e l d  dependence of a t tenuat ion 

predicted by the  free e lec t ron  model with the  experimental r e s u l t s  f o r  propagation 

The second Figure uses the  value of ql 

a t  an angle of 70 degrees. 

experiment appears,.to rule out the existence of a SDW state i f  it i e  aligned 

The agreement between the  f r e e  electron model and 

p a r a l l e l  t o  the magnetic f i e l d .  
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Figure Captions 

Figure 1. 

A graph of t he  a t tenuat ion . ( in  a rb i t r a ry  uni t s )  VS. angle f o r  a f ixed 
magnetic f i e ld .  
cprve is the  experimental r e s u l t  f o r  an acoust ic  frequency of 60 Mc, and 
the dashed curve is the  predict ion of the  f r e e  e lec t ron  model with ql 

The value of B was chosen so t ha t  wc/qvF = 0.4. The s o l i d  

15. 

Figvre 2. 

A graph of attenuation-(in.arbitra$y uni t s )  vs. w /qv , which is proportional 
t o  magnetic f i e l d .  
frequency and mean f r e e  path are the  same as i n  Fig. 1. 
GUWSS are theory and experiment respectively.  

The angle between q and the dc ma&et!c f i e l d  is 70'. The 
The dashed and s o l i d  



. ABSTRACZ. 

The absorption edge for Doppler shifted cyclotron resonance of longitudinal, 

sound waves i n  potassium is found.to.agree.with the prediction of the freq 

electron model, demonstrating that the ground state b'E thgs material does 

not possess a spin density wave a1igned.patallel.to the magnetic f ie ld.  


